SUMMARY
In his 'Proposals for the Recovery of People Apparently Drowned', published in The Philosophical Transactions of 1776, John Hunter advised that a modified bellows could be used to artificially ventilate the lungs of a patient.
l He further commented that 'if during the operation of the bellows, the larynx be gently pressed against the oesophagus and spine it· will prevent the stomach and intestines being too much distended with air'. This is the first mention of laryngeal pressure but the benefit of this simple manoeuvre was overlooked until Sellick, in 1961, refined it as cricoid pressure to control regurgitation during the induction of anaesthesia.
2 Like Hunter, Sellick pointed out that cricoid pressure could also be used to 'prevent inflation of the stomach resulting from positive-pressure ventilation applied through a face-piece or by mouth-to-mouth respiration'. However, this suggested benefit of cricoid pressure has continued to be ignored, being overshadowed by the use of the manoeuvre for the prevention of aspiration of gastric contents. This study set out to test the efficacy of cricoid pressure in preventing gastric inflation during ventilation via a facemask in adult patients.
METHODS
Fifty adult elective surgical patients who required anaesthesia with intubation were studied. Ethical approval was obtained from the Ethics Committees of the hospitals involved, and consent from each patient after an explanation of the nature and purpose of the project. All the patients were of ASA Classification Class I, 11 or III and had no history of hiatus hernia, gastro-oesophageal reflux, oesophagitis or disorders of oesophageal or gastric motility. They were randomly divided into two groups, one having cricoid pressure applied after the induction of anaesthesia, and the other not. This randomisation was done on the basis of the last digit of the patient's unit record number; odd numbers indicating the use of cricoid pressure.
All patients were allowed to breathe oxygen at a flow-rate of 6 litres/minute for three minutes prior to the induction of anaesthesia with sodium thiopentone 5-7 mg/kg. Each patient was then given pancuronium 0.1 mg/kg. Laryngoscopy was performed immediately after loss of consciousness had occurred and a 16-French single-lumen gastric aspiration (Ryle's) tube introduced into the oesophagus and advanced well into the stomach. The tube was then attached to the anaesthetic suction and the stomach evacuated of gas and fluid until there was no further return. The Ryle's tube was removed and a Guedel airway was inserted. Cricoid pressure was then applied by the anaesthetic assistant if indicated by the protocol. Manual ventilation via face-mask was commenced with oxygen 2 litres/minute, nitrous oxide 5 litres/minute and enflurane 0.8%. Each patient was ventilated at a rate of ten breaths per minute for three minutes and with a tidal volume of 15 ml/kg (measured in expiration with a Wright's respirometer at the facemask). All the manual ventilation was performed by the same operator (SPP) although the assistants applying cricoid pressure did vary from time to time and from hospital to hospital.
After three minuutes ventilation the trachea was intubated and cricoid pressure (if applied) released. Ventilation was then continued via the tracheal tube while the orogastric tube, now with a 50 ml syringe and three-way tap attached, was again introduced into the stomach to the same depth as before. Any gas in the stomach was aspirated and measured in 50 ml aliquots or less until the stomach was again empty. When aspiration was complete the orogastric tube was removed and anaesthesia continued in the routine manner. The patient's age, sex, weight, ASA status and gas volume found in the stomach after mask ventilation were recorded. There were four patients in whom it proved impossible to deliver a tidal volume of 15 ml/kg due to difficulties in maintaining a patent airway. These were withdrawn from the study and ventilated as best they could be until relaxation was sufficient to allow intubation.
RESULTS
The mean ages and weights of the patients in the two groups are given in Table 1 . In the group of patients who did not have cricoid pressure applied during mask ventilation there were nine males and sixteen females versus eleven males and fourteen females in the group who did receive cricoid pressure. The groups were not significantly different in their mean ages (t = 1.38, 49 degrees of freedom, 0.1 < P < 0.2), mean weights (t = 1.56, 49 degrees of freedom, 0.1 < P < 0.2), the number of males and females in each group (Chi squared = 2.74, one degree of freedom, 0.5 < P < 0.9) or ASA classification (Chi squared = 2.00, two degrees of freedom, 0.1 < P < 0.5).
In the group who did not have cricoid pressure applied during mask ventilation the mean volume of gas aspirated from the stomach after ventilation was 168 (SD 245) ml. Four patients were found to have no gas at all in the stomach, while the median volume for the group was 40 ml and the range 0-1000 ml. In the other group of patients, i.e. those who did have cricoid pressure applied during mask ventilation, the mean gas volume aspirated was 39 (SD 133) ml. However, 18 of these 25 patients were found to have no gas at all in their stomachs on the second aspiration and the median gas volume found was 0 ml with a range of 0-580 ml.
In both groups there was no correlation between the age or weight of the patient and the volume of gas aspirated from the stomach after mask ventilation. However, the gastric gas volumes found in the group who had had cricoid pressure applied were significantly less than those obtained in the group who had not had cricoid pressure (Mann-Whitney U test: U = 3.76, 50 degrees of freedom, P< 0.001; Figure 1 ). An additional observation made and noted at the time of mask ventilation was that some patients appeared to be more difficult to ventilate with a bag and mask than others. Patients could thus be rated as either 'easy' or 'difficult' to ventilate during mask ventilation, according to the ease with which the airway could be maintained and the inspiratory pressure required to ventilate the patient with a tidal volume of 15 ml/kg. It was thought valid to compare the ease of ventilation with the presence or absence of cricoid pressure as the operator performing mask ventilation was always the same (Table  2) . Statistically, a significant difference was found between the two groups in this regard (Fisher's exact test P= 0.039).
Overall, the ease of ventilation aPI?eared not to influence the volume of gas In the stomach, regardless of whether cricoid Figure 2 ). However, If the volumes in only the patients considered diffic1:llt to ventilate in both groups were compared, It was found that the use of cricoid pressure did not significantly influence the amount of gas aspirated from the stomach (t = 1.07, 11 degrees of freedom, 0.2 < P < 0.4, Figure 3 ).
DISCUSSION
It is well established that cricoid pressure prevents the regurgitation of gastric contents by occluding the proximal end of the oesophagus between the cricoid cartilage and the bodies of the cervical vertebrae.
ls This mechanism should also prevent gas entering the oesophagus and stomach during periods of mask ventilation. However, this aspect does not appear to have been studied previously. The results presented here show that with a tidal volume of 15 ml/kg, patients who do not have cricoid pressure applied are more likely to have the stomach distended with gas. If tidal volumes considerably less than 15 mg/kg are used during the post-induction period of mask ventilation, then inflation of the stomach should become less likely. However, when cricoid pressure is applied, little gas enters the stomach during ventilation. Thus the original hypothesis of John Hunter and Brian Sellick is substantiated.
Although cricoid pressure may be effective when ventilation is easy, patients who are difficult to ventilate do not show the same pattern. The only large volumes of gas found in the stomach in those patients who had had cricoid pressure applied were in two patients (one with 355 ml, the other with 500 ml), who were subjectively judged to be difficult to ventilate; i.e. a higher than usual inspiratory pressure was required to deliver the tidal volume of 15 mllkg. In contrast, in the other group which had not had cricoid pressure applied, large gas volumes were found in those patients considered easy to ventilate as well as in those considered difficult. This accords with the paediatric study of Admani et al. 6 in which the gastric gas volumes aspirated after a three-minute period of positive-pressure ventilation via a face-mask in ten premature infants were studied. Each infant was ventilated with and without a nasogastric tube in situ, and without a nasogastric tube but with cricoid pressure applied. Their results indicated that cricoid pressure was as effective as a nasogastric tube in reducing the amount of gas forced into the stomach after manual ventilation to approximately 50% of that found after ventilation without a tube or cricoid pressure present. However, the sequence in which these manoeuvres were performed in each infant was not randomised and ventilation was performed to an endpoint of 25 cm H20 pressure, rather than to a set tidal volume. Furthermore, the infants were not paralysed at the time of manual ventilation. These uncontrolled variables make the results more difficult to interpret.
It appears that those patients who are difficult to ventilate may not be protected against considerable gastric inflation even if cricoid pressure is applied. Indeed, our results could suggest that the application of cricoid pressure itself may increase the difficulty of ventilation. In this study the incidence of difficult ventilation rose threefold (i.e. from 12% to 36%) with cricoid pressure. This increase in difficulty when cricoid pressure is applied may be because of the anatomical distortion of the airway which occurs. More difficult ventilation means a higher inspiratory pressure to deliver the set tidal volume and higher pressures may force more gas past the compressed cricoid region to inflate the stomach. Thus, the advantage conferred by the application of cricoid pressure (i.e. less gas entering the stomach) must be weighed against the increased risk of making mask ventilation more difficult, which in turn may make cricoid pressure less effective in preventing gastric inflation. However, it remains true that the majority of patients were easy to ventilate by mask even when cricoid pressure was applied and that these patients were protected against gastric inflation.
The use of an intravenous induction agent and an 'intubating' dose of a non-depolarising muscle relaxant followed by a period of mask ventilation while conditions suitable for intubation develop is a popular technique. The major advantage of this technique is the avoidance of the depolarising muscle relaxant suxamethonium which, while unquestionably providing excellent conditions for endotracheal intubation, may be accompanied by unwanted side-effects such as muscle pains, raised intra-ocular or intragastric pressure and arrhythmias. On the other hand, use of a non-depolarising muscle relaxant also has disadvantages including possible difficulty in ventilating the patient, less than optimum conditions for intubation, inflation of the stomach during mask ventilation, and irrevocable committment to a lengthy period of paralysis. This study shows that inflation of the stomach can be minimised and often avoided altogether by the application of cricoid pressure during the period of mask ventilation.
